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ABSTRACT : PROBLEM TO BE SOLVED: To provide constitution capable of embodying bent optical 
waveguides of low loss and small radius of curvature and branch optical waveguides of 
low loss and large in branching angles and a process for producing the same and to 
provide small-sized optical devices using these optical waveguides. 

SOLUTION: A lower clad layer 2 is deposited on a substrate 1 by an ozone oxidation type 
CVD method and a core layer 3 is formed on this lower clad layer 2. The core layer flank 
constituting the bent part of the optical waveguide is provided with a metal clad layer 4. An 
upper clad layer 5 is deposited on the core layer 3 and the metal clad layer 4 at <600°C 
by the ozone oxidation type CVD method. 
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( b ) am 1 1 ( a ) Ob - b{|T«0|SfBpfll«iaT*> 

1. , n 1 2 imm^mm 5 iz x 5 ^si38*^as& 

r-y *fl|j&?)-«M XJi JJE*^tf)J®gfc:>7< L ft 
-;y>*#S£-t S i d CtMt-f & . f£fHl£H 1 2 1 

[0035] ^s?o«i:^ji?c v DffiTHSfi-r 

S «, SMMHC V D ilBteH 2 fcjjrfSK i: H&K 3 fflco 
SS8£3St$*u JSS^,^?TL«MS^iE^^T'# Soil 

9 pwmm i ±^\mmth z > w*m?i> h . ztuzx 
immxx (n 2 o ) £2»au s«iiae2r9 5ox: 

fcSSl 3^yiH2o>->j=jy 

ss^ffifflL^. Basaujai, 4/zm/i5iBrc£>~>fc. 


[0 036] *Hffi<7)Jg®-C1i^ -f. WyffliMCV 

?5? yFJI2£2 0 5?nyjjJcJSl. (®^{iTEOS + 
TEB) . -e^ffiHt^Uav+^y^-^ASr-Stf 

^rmzmmti (mteos+teo , %<r> 

f*, R I E t>-i'vf>/) ^371 

m^ffioi^^. FjT?Eoiis^3r3*ffM-r-S). *<m. 
®$ix\ cvDmmmix^mimiim-ti (mm 

(jTEOS+TEB) . mfi 0 SO T<DBmm 3 2 
( a ) 5 HU ffi^O^ft^fc^^Eil^TcS 

[0037] i a (cf^sL^3^*am=. mm<vB 
srffiiD wtfc . l *nm?)mmtz& v >t !in 9 ^ 

(a)£?)Igf). 7dA7X; 1 4^-7X^^S|gC. 

Hll ( a ) <7)&m? 7 -y YM4 mt^»t 

■7x^-r ixif , mil ( a > oj: 0 ^mm^&T 
i.m fe#^aaojgjif^i. 9 => vm~c 1 . 4 

5 8 5, ^7->>AS:K-rLt37ltl .471 

[0038] ^liteojgfistjsv^-cf^stJtai^o^aE 
x h hnz't?) o . mim^com^i o. 2d b-c*>s 
o . 5dBt$>o t&x-T—' mmz x <o m^&wx' 

[ 0 0 3 9 ] £33, *mmcD&Bl&£m9 7 -y KJfar^T 

•mb7r-1^*9 9b cQStemz t l^«t2|Uff s 
^ t h, ^M9 7 -y KJi*W1-S^»i^0^ffi 

[0040] mmn&m6 .mis immcomm 6 1 x 

!L 0 1 3 ( b ) ami 3 ( a ) Ob - bfgT^BIfiBffl 
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iz x h mm®i±Mmmmm 5 1 mmiz . &ftmc 
v d &tc x 0 * . *mmmmiz& v ^» t 

m- 1 - F (c i 6 i> <7)t'£> 0 . *Ii£i&£f*<0}I*{± 0 . 
9 d B T-£> hz\t tmz Ifz . T£tt£*ttK 

^amx^tz. 

[oo4i] mtm&mi . m 1 4immmmi izx 

OTt^S^r^-rillTfc 9 . HI 4 ( a ) tiffltf 
O^MS^t-TOtiSH. Hi 4 ( b ) «Bt®« 

-ts i: s . mmmmmx-<7)Kmzx ^xmfux 

t SDf $73^(C «t o T fttf A, ftS ^[*] £ lU-C-f I) ^ t 

s . *mm<nmmx°\im%w.ftmm&<7) 3 r« 3 ami 
izmmmmmm 1 9 it* 0 < l/s t <z> 

[0042] *^jfeoff^Tii7ry>«fkMc vd-sc 

±9, 37tf;^-^i>*H f ftMlmm«5I 

eos. TEB<r)m$w)*-&&&L. mt>v?yiztf 

ny (B) £-ttffLfc53S* i S>3r&T7 7-y F«2£jS 
IU;„ j£J»ofiS{i5 0 0S> Lfc„ 7^7 7 H« 
2<7)J?$l£. 2 0/zmSJ£fc t/i. <I^fc#^T^7-y 
HM2^)HJf^{i. 1. 4 6 82t*-jfc. TE 
OS>TE G<r>TH 3 df }< ^HSK&K 1 ±fcft&L 

7&tf)j£JS"Cli, y^-^ Agg^cO^Wi^&J 1 0 

iilr1r-)fc. SUlO&gte. T7?-y FJI2?)j£ 
JiiDi§-£ >:[§]->: W:. mzarwMzm^-Mm 

7 £imi. RIE T-x y f - y ^ LTBfgtf)^ 
Lfc±7 7 -/ ¥ M 5 & T E O S + T E B COWMX" 


M5X\ 1. 4 682. y^-^SrH-rtJtar 
JB3T1. 4 7 8 8 T"$) 0 . S*fWil-> 0 . 7 %T£> 

-7V— f\ KrF:tS248nm) imm£%Mi$$i 
S^tt-J; 9. 3713 JSUf Wfli Sr 4 1 $ 

§ ^ -i. . ^iiM-?^ 7zm ixm±$mst i 

fzm&XMffltom 14 ( a ) o i o ?Mf&i ^ 0 . 
[0043] ObO J: ') t L-CSJSJf^JS 1 9 £t£tt 

-s. ^ t iz x 9 . mmmftm i %v^iziiftmm%?)®i 
& o c i h m&At 3 . 5dBt*ott wa^' . 

mftfohW^Zte 1 . 3 d b t * o . S*f¥^<^* 

[0044] HiS^!B8 . m 1 5<±^JS^ffi8£ct 
Sft* s O3t3K!fei&2:*-f0"C*> , 5. Hi 5 (a) 
O3^iS»S:^¥BSfll«0. Hi 5 ( b ) {iffffiffijS 
HT'feS. H^fcv^T. 1 9(i3TB3(ci3(t-§.^Jffii)f 

jtzuzhcoztmuz; tztz izz x-ii. mnm^co 

BViZm 15(a) Iz^tX 0 iz=ftBftt Ltz. 

[0045] ^mmcnmmxu^vymimcvDmiz 

H2t5KL^fiicMSMrffl^T. >U3y«Ml±^T 
EOS. TEBc7)^m^a:fftl&L. iSfby'J3y(c^ 
ny (B) a:MU:51*^^ST^7 7 H«2$sR 
KU. JfcffiB&oi&gliS 0 O&bLti.Tfy-y HS 
2«/S§ii. 2 0^mg,StL^. ,I<7)i:*<7)T?7'y 
F«2C0M/T$(i. 1- 4 6 ^(-. TE 

OSi:TEGi7)7;l/=33fi/K * |5]B#(caM 1 ±Hffi*& L 

T. iSfti^ U a ylzy)l-?~iy2*Z^lfz^m^ti: 

imft&m (37M) *6/im^§tjauRL^. 3 
morius-cia. y^v^^As-jkitii^***^ 1 0 

3713 *9--y?Lt:. 3 7tf> JgtftiffliS 
iJctc. 37I31IC. BKb^'J 3 y(c*ny 
L 7"/KI5l:TEOS+TEB <7)WMX* 
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15T\ 1. 4 6 82, ^7->>Z,JK-rLt37 
fl 3 T 1 - 4 7 8 8 0 , St/f^ii^ 0 . 7 %T'£> 
->fc. ft* Itzftm*®. 1 m m#:53S£fflf84&£$&8& 

^3Ti3t. mmmm.7 tmrnttrnx-mnm-m 

^£&JSS!7*?fffiL?tSlttftlf. Hi 5 Oct 5 4" 
*\ JSi^^££t£it£%£tc{i0. 5dBh^o 

[0047] m&<?mm9 . n 1 6 9 izx 

fttiftmmtz&^x . -e^^*^§<t-i.h, # 

wlwm%v 37ms izE.nmf^minmcojf^ ± t 
stmmiz^ arm^zsmmvm^ 

t£(t . Jg*r$#ffi t $ ttum$im±fo h (eft 
[0048] *^S£^ff^'{±^y'>iSfl^C VDftC 

j: 0 , ^rizyii^-^^^ts^m^ym^Mim 
zfmitz. amumtixitt-r. 02 enuresis 

SM^ffl^'C. y'JaySSUtTEOS. TEB« 
|£JW)*£ft£U Sfty'jaycdJn^ (B) 
Uj5^^'j:ST?7 7 K«2£j£I8U:. j£lSi$tf> 
i&KJiSOOgfcLfc. T?7-yKJi2tf)JS${i. 2 0 
//mg^fcL7t, CiOt^tOT^^-y KJ!2CD®#f^ 
{4, 1. 4 68 2Tft-J!t. TE O S tTEGO 

7/1/3 V F i |5]B§HS« 1 ±t&& LT . BMfc^ U 3 

(3TJR) 5:6jumOJ?$tjaaSL/S. 3 7JlOfi£Ji-t' 
}±. ^/^v^^A^ttwf^^l 0%(C^-i)j:^ 

fc. 1 ^fflSti. 7 -y HJf 2i0€^±i-^h PI 

-t ut. mzarm±izm=Fh'~Ammim^tz^M 

1L, R I E T-x -y ^ >• ? L T FJrS^MgO 3 7 M 


3 > 9' Ltl , 3 T<OJ&RJi0 1 6 3 CY 

at:. 37i3±C. BKti^'J 3>-(-^'c? 
>• L tz±7 y -v KB 5 £ T E O S + T E B tf)Hft 

2 0// mgg^js l . xmmzzim ttz« z\<n 
isss^ 3 r s 3 1 . mmmm 1 1 mwAumxm^m 

#*j£4t£-ttt:. /-^iL , JSW^^.WiEI 1 6 
3 lzE.mmt I tz, ?7M 3 (c^|^^B?Jttl) 

st-mtf, mi 6ioi otzm$xmft^m%hix& » 

[ 0 0 4 9 ] >I<7) j; ') CiJ-SgPt^St^Z^J^OS® 
ift^Jil 9^l^tT. 3T®3CJg|>f4Wij££t§. 
^ c 1 1 J: 0 . ^^-IS L-^-f < ^ 0 . wiS^^ttSL 

[0050] mmcD&m 1 o . iis^ffi^^*^^ 

eM^^^-Kom-f^Mi. HI 7 (a) 

<7)©)Bii. ^5%sk&mmmm%^ 7m 3 tsM^a- 
[0051] *nifio^sTii^ t\ mmco&mi . s 

-^^^-t-tfft^^ 1 mrnC05^ft^7t»iSS&^ 
«SS&f53TS3t, 3TifSgjg^h-i.ifST. 

^. ^tt^iltfiKi. 3 7iis^4'4:>J: , 91>. 
H-jizlti. Z\coX'^zi'hZ\tizXD . 3T«/ajW 
X\ h*-Arn7 7^/^£lftLt, HI 7 (b> 

■^ai^^^^^jssf^^fi^fLS. iit. 3 
i a (35?jf t/iot\ 3T<7)[ft^^i:>iii^s!Jf$ 

JK^Sfrffiti. HI 7 (b) t^f iotz. fl^^ 

mm<nj8i&#'bM{z*s7hztL. mm&ix&mzti 

[0052] vIOJ: ') (Z3T«3^tt^0SPtJSW^ 

o fzm£i±mm&x-com$:ii 3. 5dBt*^;i^ 

£\ JgSf^^2r4 1 § ^-%^(c(i 0 . 4 d B fc =5r-3 

[0053] mm^m 1 1 . m 1 stinss^ss 1 1 

te«fc&ffl# , 33l£3Eft»£^iaT&9. HIS (a) ii 
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o y&mmi^t^m®. mis (b) ammmx- 

^fSt£ 1 9 ^ISI-t^ 3713 2:ffl^.-b-lt^ . $J^4MI 

0 . 3 mm<r)Mntimm%^t m&tf^Mm 1 9 

^f£(1\ &B?7 -y FJI4 £fSJt£^S6tf>J®B80) 
[00 54] *^j£^IBt'{ii^ifeSati o . fits 

mmm^imth, im-n&tix^. trmsiz 

tfvy£'kti&<ti' [i^y^^-i^iiif. T?7 -y F 

1 2 £ L . -c«&Jffi#r¥ tJ5 t T tVI^? A arifr 
x 'J 3 y WfiH^ fg& - 1 000H1 200TO 

oAKiJgric t , tw.ffirt* W i >f^*«at 
J: imMommx?- > ( ft&W ) -'>£®7 n AUSr 
ftsgj-fS. -torn, R I E (UEtt/f 'T>X7f>/) 

ixt i '*3 TJISrE 0 f£ J ; . rthfc*)«tf> ^TMSZB 

^iHkvy 3>«-c\ ^mtsacj; >)Miff 

1. 4 5 7 2, 371^' 1 . 1 0 7 0-C"£> 9 , 37JIfc 
7 7 -y K«^SSf ¥H(i 0 • 7 VC& -> , flsSS L*3fc 

aw t . m 9 eoiiS£&t ±£ ? 7 ••/ f « 4 <o n 

iffz . ±? 7 -y F H 5 <7) Hz 7 OAI* X/s- -y * 

i 0H9 (a)«±-) t^x^-t^ ;>:(~[H9 ( b ) o> 
J; e. ox-y hx. y f-> ^'(cj; 0 3 7||l(;i(:Sti^ 
7 -y F L . fi&fc&E ? 7 ••> F M 4 & •:/ * 

-at j: oi»r-g> (H9 ( c ) ) , nmm\m^zm 

•y FJf 4#«fS£^(tl>^£:fi^>, C^ioCf^SL 

^ft&wsMt. mmmmstmmizix. ±m 
-7X7 ^mLxm^^mmi-^u&x. mis^^o 

[00 5 5] ii;57 F«4 t . ^JSjJf^HIl* 1 9 * 
g(t^3713r ffl^irarfc , *H!£^FJt «t S ft 

7 -y f«4 ai^ssJS^m* 1 9 *^»-rsiuo 
[0056] mu<^Bmi 2 . hi 9\mifc<ry&m.\ 2 

4 t , H®i»f*ii« 1 9 £t£!1-£ 3713 2:ffl^*>-fr 


[0057] *^M^)S»1i:^^*TiaiC=t 0 . Y# 

^'o>*-#tf®ft> U 3yco^-rD>:*#(t. T?7 </ F 
Ji 2 L . -r^fl:S!Jf^t)£ t"C f/^z^ASS 
1 0 ?6'Mfs F— 7° LT 3 TW&Bifcth ■> titiL. mt 
isy riycomtTWtftMk. 1 0 00H1 200W 

ni,M*?Bist. m^-^imm^m^fznmmmz 

im-fh . r tftflL R I E ( RJtDtt-f ^ > X -y -f y ^ ) 
Stc J: ^7l*X7f>'?'Lt, M^n^lT'Ib 
fiT v 3 TBi^JR 0 Bfe^ . MS <50H^ 3 3 *JE5 

^r^«^ 'J 3 >M^X\ 'Xm.WMz£ 0 Wi^ Srit 
«t , ^iS^M^ LX±7 7 v Fl 5 &B&LLX%M 

1. 4 57 2. 3 71^1. 4 6 70T"^ i 9. 37lt 
77 -y F/fCDWfSHJiO. 7%Xrhr»tz. fmtt^t 
mm&Z^ 09cOXgr^T^«^7'y FM42rIRD# 
ttfc. i-f, ±^7-y FS5iO±(37aAMSrXyN°-y^ 

iOH9 (a) <7)«fc 3 ^tH9 ( b ) <7) 

i5(: , /X7fX7fy ^"t J; 0 3 rfiffi t «J o X ± 7 
7 -y h*JB£BfeS U MCiI?7 7 FH4 SrX^-y ^ 

atcto^Mi-s (H9 ( C ) ) . ftmmmmmzm 

i£»CMaT-±^ 7 -y F« 5 2r JSIRLT t, . 7 
•y Fil4^#,fS*g(tl.^h(±^V\ Z\<0X Olzimi 

-7^7 &m LxmM&vmtzi3&:X\ mi 9^xo 

[0058] 7 -y F«4 t . ftJ§iJr*H*£ 1 9 ar 

IftJt^: 3713 £3BA-&;b£ft: . *^te^JBt:i 4 Y 

^M^7'y FJi4aiflS®*f$1S«l 9£tfMR1-STfr<?> 
^gPti3(tS«*(±7. 2dB-C'*>o^i^\ ^8 

[0059] mmBm 1 3 . n 2 0 ( a > is, ^sto 

Jg!E3 (c i 5 Lft*<03lSSES8l*iiffl Lfc. -?>y>vyx 

0~2 3fi^-F. 2 4a. 2 4b{±^T7. 2 5{i7' 
V—T4-s7X-foh. ®6/zm<7>3r* 1 ^5 2ffl(7)3 
d B#7°7 2 4 a k 2 4 b t^t 5 mm^y'l/- r -f 
y^2 5Sje«L"rv^S. ?V-f r//2 5li, 37 

l^g^^ji^Wt'^fl: L t u § t ^T-fe 0 . ^<r>m 
Mb. -? y f - v 7-r-g.^o^^'Rlt$ii. ^ wfl&tfOjKJiiS 
•jfrf S . F 2 0 Alt Lfe3t{±£ffll«0 3 d B 77 r 


(£1) 300-1 71 650 (P2000-1 75S 


VIA aT2#tt§*u 7V-fM >'^'2 52r3S3i-ri» 
3fti£»59 3 d B *7*7 2 4b t'^^nr^- h 2 3 

tf-h 2 l^i-,tli.1l$ilS, df-h 2 2*»£Alf Lfcifc 
liSEiJ^ 3 d B fj 7° y 2 4 b T" 2 4H£ $ f u V V — f - f 
> :?"2 5 */§jd^-&:)ftAHg!ltf>3 d BXTy 2 4 at^ 
h 2 1 /^otblJ Sit* . 7V-f < >7'2 
5X'KmiLZ>1tliX-Y> 2 3 Z<n£ 

i o o 6 o i *%t&wmx'ittWkffi$m£k&m 
mmziomifz > v ? ymw<±cMmtx 

n > 2r St/fiSfl:> 'Jn> „">7* £D£* ftt1\ y H/f 
SrJfSfiJtL. ^v")^g|rr^lE 'C ¥)V7-^^m 1 0 

3><7)miL-f-m.tiLMx. i <» (i i)*'^ 120 o^coias 

IrMU ^-rt -.'.flirt i-fJH .J^JISiJKffifcJ: D 
HffS^SiSK' ^ - ^ ','? >' >• / x > ) <7)#Ji? n 

>7") mzjz *) n ~>'fc± x-,+i- v L x , £Jl?nAJ& 
T'SbilTvv^n 'n--f!rJr: Mfo:;. . J'Jr^OilOrJTJl 

( a ) ioj; -il:L f_ -Al^^f s.- Wr^Ji . 9y^YM 
# 1 . 4 5 7 2. 37*©/;: 1 . 4670 T"£> 0 . 3 7M 
c7y ■■> KfiioJSrr* *.(2 o. 7 "..•£*£> -> , 

[ o o 6 1 3 j; mm i r^imtz. M9^tm 

l^±(c ? n AJ$ £ z ' < ••/ 9 chli X •) bJcM L , b* - 
•MSHSrfflv ^^s^st-^C J; »)09 ( a ) «J0J; 5 

7 y KflarXAN-v ?mz£ VtitiBL-tt (H9 
(c) ) . ftg«ft:£M(:$rff;l£U £Sr5t*t 
6 77ft § <7)X' . mi&W%7P-£&kf&fmX±7 y -y 

Ymtm&Lxi*. ±m? v -» vmtmmz^i^h 
(±£v\ xmk, mm^r^'H-rh^yxm^mL, m 
ft±*:*yymnm&ftrtmmMizmM-fz> . ztaz 

2rffifflLT#Jl^L^„ H2 0 (b) *^5S^HIT' 

^fft*. SfciSlvC. «t«[{ijft^ (nm) , fiHKi^ 
3&K ( d B ) -C, 7 ^ *'C^^^' 15 6 7 

nm. Snm. im2 5dBtJo/':, i 


fe. ^'C^T-OS^t L-C«#7^M*(i2. 5dB 
l/3lZffi>bX-Zti. 

[00623 mmmm 14. 12111 ±immm 

if*^^Ji|n|-SS±r^-fe$fiS. 02 l ( a ) (i 
TffiffifiJcEL H2 1 (b) (iiBfffifllfi!£iaTAS. 5r*3. 

5. H2 1(ZfcUT. 7 0iinM-f^tl^*««, 7 
1 W^tftcJg ( i tf>SB#TU~ f fgjg^ fif 3 OT-y.T 

7j-«3\:^^?ilg^^^^T-\ J2TF r^jftsgij hv> 

. 7 3ii^*a (z<vmiimmm-fmmz 

tt^t', r ¥»*T>T^j k^o ) , 7 4i± 
*^ftl9 0t$J:lTOf|£P7 8±{Cjgjj£$fifcp^- 
3S*S ( 3te *m t h %m?3b I ftX'PXF 9 y -v 
t ^ 0 ) . 7 5 (iWNxU— if 3 7 l ±(efS}t ^ii/^^ 
#«cl<-Hf«ffi. 7 ei&^mfoTyTBl 3±tSft^> 
i!7t:^frT>-7°m®, 7 7(ift:^?W»*S^7 0<0 

s vxmf e>tifzfflft&=F. 4 *) %mm&nm 0 
[00633 mzmmz-juxmmti. tr. 

V— fW& 7 5 i; «® 7 7 comzmSiZiji-t t , 
U— T357 Hzm^blEW&X^ii. C^«^tIE?L 
^S^-tSi:. jfc&^^-fS. ®#rf£F 
7 80^tJiEt/S^^^A3&iiiWHRSt$n, + 

m. zmm^i scDffinzh-ffiHz^tx&Kt. # 

^Iflsl.— ^S7 1**. -rii-fiijft^H^SU— f"3t 

& . ^fl^ti^m^mU 7 2 Srii 0 , 
tlh. ^SSS7 2^S0J«^zSfi^— «fS7 1 ^ 
-rfi-i: H tt§£l£, lcmltOlOOOd B^ScdM 

^SSS 7 2 r<7)*K £® < "C^ § -SWi&M 7 2 

om&n cxa^tMk+dBm.mznt(>tih , 

ill.. mryrsii7 6S^«®7 7p B it;miI$- 
Sft-tf BiiBlH § iiT ttJIt § ii I. . ; ^ «fc o iz¥m#7 

yrui 3Ru : mmizm^^mm^m^biti z 

£ift#S5. ^m^ryy°^mm^mi , m-i l zx^ 
&<ox\ -tsLx^mfcmznMxz , i&axhxnsm 

[00643 mz, A y ; J^A u y%cv%Mmw$:m 
izLX. ±MWZ<7)&MlZ7jkLfz t ^J^IhMCoi^ 
^^JtS. i-f. 02 2 (a) k^rtioC nf^ 
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m^=f-t^^=mw.m9 o^m^m^m^m ( mo 
c v d ) srfflv ^ juw^-r a . t . *m#m s o 

-fS. ^<7)#S»^#F1f3t(i. ffl/Jf. J?* 30 OA 
iOnlM >>-)A0. 8 2#'J'7A0. lSitSO. 3 
9 'J > 0 . 6 1 . J?£ 8 0 A>7)7> F— 7M y^i. 
0. 4 7*'>J^0. 5 3ViM (7JB) . r>- f-tm 
>>'^i,0. 8 2#'J T >i*0. 1S5HS0. 3 9 'J >' 
0.6 1 (6/1) . pI^yy^AO. 8 2^'J^A 
0. 1 SStt^O . 3 9'J>'0. 6 lfrteh. * 
3WfcJB9 0{i. J¥§2 0 0AOpS^ >V*7A0. 78 
^'iJ^O. 2 2E*0. 4 7'J>'0. 5 3KiS. 

122 2 (b) Cjjrf.fcdfc:. f'SP^ 
gft-.g, imfejm 9 o fcjgfljft 2 4 0 0 k<7)®$mFF 7 8 
£JBj£"f £. 02 2 ( c ) iz-^tJ: o H. WtfM 

OVCVD££ffi^T0^&^7 8&tf'¥^*/I9 0± 
(CpSM y^A'J y?v ••/ Fl7 4 5rffM - fl>. & 
C,@23 (a) ( b ) t^-f J: o fc. ^JtlMffia: 
ffl i ~>T v — —> T'Srfi^ \ ? y — VM*: fflv •> 

tX.yfy/U, fS7 1 , 

2 . ¥ift7y737 3 £ffMlTI>, &£02 3(c) 
Sy'MOCVD'MI^TFe K-7^f 
yWJ*V y%m.-?v >:/ ? Jf 8 1 £J&&th . 2 

3(d) t^rfj: ot-&jftS5«7 2(nm^i6mm<n 
m *) tiT t - Aimiz x h ^mwmnmt x ?• > 

5 v F14 . 
*ffl3r7FMi£H3 2 (a) COiofcLfe. ifcfc. 02 4 
( a ) ( b ) fcTjrf J: '3 (C. ¥9HfcS«7 OiOTSP^m 
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